Introduction {#S0001}
============

Enuresis is defined as involuntary voiding of urine into clothes or bed in children aged 5 years old or older. On the basis of the time of occurrence, enuresis can be further divided into three subtypes, including diurnal enuresis, nocturnal enuresis and combined according to the Diagnostic and Statistical Manual of Mental Disorders.[@CIT0001] In contrast, the International Children's Continence Society restricts enuresis to intermittent wetting that occurs at night, while incontinence that occurs when awake is termed daytime incontinence.[@CIT0002] Enuresis is a common problem among children and adolescents, and recent epidemiologic studies have reported an overall prevalence ranging from 3.9% to 18.9% depending on age, race/ethnicity, and definition of enuresis used.[@CIT0003]--[@CIT0005] Primary enuresis often resolves over time with a spontaneous annual remission rate of approximately 15%. In the majority of cases, parents consider enuresis to be a self-limiting problem, and therefore the decision of when to seek medical advice varies. Despite its high prevalence, prior studies have reported that only 2.1% to 55% of the parents of children with nocturnal enuresis seek medical care.[@CIT0006],[@CIT0007]

A number of studies have reported an association between enuresis and an increased risk of attention-deficit/hyperactivity disorder (ADHD), and 4.1% to 74.9% of subjects with enuresis have been reported to have ADHD.[@CIT0008]--[@CIT0012] ADHD has also been reported to be a risk factor for persistent nocturnal enuresis after treatment.[@CIT0013] However, associations between other psychiatric disorders and enuresis are controversial. Ghanizadeh et al reported a higher incidence of oppositional defiant disorder (ODD) in children with ADHD and enuresis,[@CIT0014] and a large population-based study from the United Kingdom reported higher rates of conduct disorder (CD), major depressive/dysthymic disorder (MDD), and anxiety disorders in children with enuresis.[@CIT0015] In contrast, a national study from the United States did not find any associations between CD and anxiety disorders and enuresis.[@CIT0008]

Previous studies have reported that urbanization and racial/ethnic differences are associated with different risks of developing mental disorders.[@CIT0016] However, the existing studies regarding the occurrence of psychiatric disorders in children with enuresis are primarily from Western countries, and studies from Taiwan are lacking. In addition, the risk of comorbid psychiatric disorders in boys relative to girls with enuresis has received relatively little attention. Therefore, the aims of this study were (1) to examine the effects of urbanization on enuretic children who seek medical evaluation and treatment, (2) to determine the association between enuresis and lifetime psychiatric disorders, and (3) to examine sex differences in the association between psychiatric disorders and enuresis in Taiwanese children.

Materials and Methods {#S0002}
=====================

Data Source {#S0002-S2001}
-----------

The Taiwanese National Health Insurance (NHI) program was launched in 1995, and by the end of 2008 covered 99.48% of the population in Taiwan ([<http://www.nhi.gov.tw>]{.ul}). The National Health Insurance Research Database (NHIRD) contains comprehensive claims records of outpatient, inpatient, and emergency care of insured individuals including demographic data, clinical visit dates, disease diagnoses, and prescription drugs. To protect patient privacy, these data are de-identified by encrypting all personal identification information before being released for research. To ensure the accuracy of diagnostic coding in the NHIRD, the Bureau of NHI regularly randomly reviews a sample of the medical charts and claims. Fraudulent coding and overcharging by physicians and institutions are subject to severe penalties or suspensions. Data for this study were obtained from the Longitudinal Health Insurance Database 2010 (LHID 2010) provided by the National Health Research Institutes. This database is a sub-dataset of the NHIRD, and includes scrambled identification codes, personal information, and outpatient (ambulatory) care and inpatient care records of one million beneficiaries who were randomly selected in 2010 from the original registry of beneficiaries in the Taiwan NHI program. The NHIRD includes data on approximately 27.38 million beneficiaries of the NHI program during January 1, 2010 to December 31, 2010, and the LHID 2010 represents about 3.65% of the total population in Taiwan. The NHI has reported that there are no significant differences in age, sex, or healthcare costs between the LHID and the whole insured population. In addition, new claims data of the cohort are released every year. This study was approved by the Institutional Review Board of Taipei Veterans General Hospital (2016-04-002AC).

Inclusion and Exclusion Criteria for the Children with and Without Enuresis {#S0002-S2002}
---------------------------------------------------------------------------

We extracted the records of children between 5 and 18 years of age with a new diagnosis of enuresis (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM): 307.6) with at least two medical services either at outpatient clinics or in inpatient records from January 1, 1997 to December 31, 2011. The first date of a diagnosis of enuresis was considered to be the index date. Patients with a diagnosis of neuropathic bladder (ICD-9-CM: 596.5x), neurogenic bladder due to cauda equina syndrome (ICD-9-CM: 344.61), and those with other diagnoses of urine incontinence (ICD-9-CM:788.31--788.35 and 788.37--788.39) were excluded. The control cohort was randomly selected from the LHID 2010 at a 4:1 ratio matched by age, sex, index year, and index month using the same exclusion criteria during the same period. Age was categorized into three groups: 5--6 years, 7--12 years, and 13--18 years.

Level of Urbanization {#S0002-S2003}
---------------------

In Taiwan, urbanization is divided into seven strata based on population density (people per km^2^), percentage of residents with college level or higher education, percentage of people over 65 years of age (elderly), percentage of residents who are agricultural workers, and number of physicians per 100,000 people.[@CIT0017] We further classified the urbanization level as urban (levels 1--2), suburban (levels 3--4), and rural (levels 5--7).

Psychiatric Disorders {#S0002-S2004}
---------------------

We investigated associations between enuresis and the following psychiatric disorders: MDD (ICD-9-CM: 296.2, 296.3, 300.4, 311), bipolar disorder (ICD-9-CM: 296.0, 296.1, 296.4, 296.5, 296.6, 296.7, 296.80, 296.81, 296.89), ADHD (ICD-9-CM: 314), autism spectrum disorder (ASD) (ICD-9-CM: 299), anxiety disorders (ICD-9-CM: 300.0, 300.1, 300.2, 300.5, 300.6, 300.7, 300.8, 300.9), schizophrenia (ICD-9-CM: 295), ODD (ICD-9-CM: 313.81), CD (ICD-9-CM: 312), and tic disorder (ICD-9-CM: 307.2). Disruptive behavior disorders (DBD) included ODD and CD. Intelligence disability (ICD-9-CM: 317, 318, 319) was also examined. The presence of psychiatric disorders before and after the children were diagnosed with enuresis was identified.

Statistical Analysis {#S0002-S2005}
--------------------

Continuous data were described as means and standard deviations (mean ± SD), and examined using the *t*-test. Categorical data were expressed as numbers and percentages, First, we compared demographic data and psychiatric disorders between the enuresis group and non-enuresis group using Fisher's exact test or the chi-square test. We then performed univariate logistic regression analysis to assess the associations between enuresis and psychiatric disorders. Results were reported as odds ratios (ORs) and 95% confidence intervals (CIs). We further estimated the ORs of developing psychiatric disorders in the children with enuresis after adjusting for sex, age, and urbanization in multivariate logistic regression analysis. All statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). P values of \< 0.05 were considered to indicate statistical significance.

Results {#S0003}
=======

Clinical Characteristics {#S0003-S2001}
------------------------

The demographic characteristics and lifetime psychiatric disorders of the subjects are shown in [Table 1](#T0001){ref-type="table"}. In total, 1146 children with enuresis and 4584 control children were included in the analysis. Significantly more boys (58.7%) had enuresis than girls (41.3%), and the male/female ratio was 1.42:1. Enuresis was most commonly diagnosed in children aged 7 to 12 years, with the lowest rate in those aged over 12 years. Overall, 95.5% of the children were aged 5 to 12 years, and the mean age at the first visit was 8.46±2.46 years. Most of the children lived in urban areas (62.0%), and there were no statistically significant differences in urbanization level, age and sex (all p \> 0.05). Significantly more children with enuresis had psychiatric disorders (14.9%) than those without enuresis (5.7%, p \< 0.001) ([Table 1](#T0001){ref-type="table"}). Sixty-seven (39.2%) of the 171 children with enuresis and psychiatric conditions had two or more psychiatric disorders. The most commonly diagnosed psychiatric disorder in the enuresis group was ADHD (112, 9.8%), followed by anxiety disorders (41, 3.6%). Children with MDD (OR=2.834, 95% CI: 1.616--4.968), ADHD (OR=3.095, 95% CI: 2.405--3.983), ASD (OR=2.453, 95% CI: 1.258--4.781), anxiety disorders (OR=3.113, 95% CI: 2.063--4.696), ODD (OR=4.820, 95% CI: 1.468--15.821), CD (OR=2.811, 95% CI: 1.068--7.401), DBD (OR=3.745, 95% CI: 1.756--7.990), and tic disorder (OR=2.645, 95% CI: 1.636--4.276), as well as intelligence disability (OR=3.974, 95% CI: 2.468--6.400), had a higher likelihood of enuresis. There was no significant difference in the age at a first diagnosis of a psychiatric disorder between the enuresis group and non-enuresis group.Table 1Comparisons of Demographic Data and Psychiatric Disorders Between the Enuresis and Non-Enuresis Groups with Odds Ratios (ORs) Measured in Univariate Logistic Regression AnalysisEnuresisNon-EnuresisP valueORs95% CI(n=1146)(n=4584)n%%Sex1 Male67358.7269258.710.877--1.141 Female47341.3189241.31ReferenceAge (years)1 5-639034.0156034.01Reference 7--1270561.5282061.510.871--1.148 13--18514.52044.510.722--1.386Urbanization0.889 Urban (levels 1--2)71062.0281861.51Reference Suburban (levels 3--4)34029.7136229.70.9910.857--1.145 Rural (levels 5--7)968.44048.80.9430.744--1.196Psychiatric disorders MDD211.8300.7\*\<0.0012.8341.616--4.968 Bipolar disorder10.170.210.5710.070--4.646 ADHD1129.81553.4\*\<0.0013.0952.405--3.983 ASD141.2230.5\*0.0072.4531.258--4.781 Anxiety disorders413.6541.2\*\<0.0013.1132.063--4.696 Schizophrenia20.290.210.8890.192--4.119 Intelligence disability343.0350.8\*\<0.0013.9742.468--6.400 DBD131.1140.3\*\<0.0013.7451.756--7.990  ODD60.550.1\*0.0124.8201.468--15.821  CD70.6100.20.062.8111.068--7.401 Tic disorder282.4430.9\*\<0.0012.6451.636--4.276Number of psychiatric disorders\*\<0.001 097585.1432594.31Reference 11049.11753.82.6362.048--3.393 2453.9641.43.1192.117--4.596 ≥3221.9200.44.8792.653--8.976Age at diagnosis of psychiatric disorders (years) MDD14.7±4.016.3±2.90.092 Bipolar disorder11.814.6±4.20.557 ADHD7.8±2.88.4±3.10.095 ASD7.4±3.96.9±4.30.710 Anxiety disorders11.2±4.712.3±4.90.266 Schizophrenia18.1±3.715.3±1.80.117 Intelligence disability8.6±3.810.3±5.40.137 DBD  ODD11.0±2.410.0±4.10.637  CD10.7±3.412.5±2.50.242 Tic disorder9.7±3.29.5±3.10.791[^1]

Association Between Enuresis and Psychiatric Disorders {#S0003-S2002}
------------------------------------------------------

Results of the multivariate logistic regression analysis after adjusting for age, sex and level of urbanization to compare the risks of psychiatric disorders between the enuretic and non-enuretic cohorts are shown in [Table 2](#T0002){ref-type="table"}. The children with enuresis had greater odds of developing MDD (OR=2.841, 95% CI: 1.619, 4.987), ADHD (OR=3.156, 95% CI: 2.446, 4.073), ASD (OR=2.468, 95% CI: 1.264, 4.822), anxiety disorders (OR=3.113, 95% CI: 2.063, 4.699), intelligence disability (OR=3.989, 95% CI: 2.476, 6.426), DBD (OR=3.749, 95% CI: 1.756, 8.004), and tic disorder (OR=2.660, 95% CI: 1.642, 4.308) compared to the children without enuresis. Moreover, the children with enuresis had a 2.968-fold increased odds (95% CI: 2.413, 3.659) of having any one of the studied psychiatric disorders than those without enuresis. However, enuresis was not associated with an increased OR for bipolar disorder or schizophrenia. Data regarding sex, age, and level of urbanization are not shown. [Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"} show the associations between psychiatric disorders in the boys and girls with enuresis, respectively. For both sexes, enuresis was significantly associated with MDD, ADHD, anxiety disorders, intelligence disability, DBD and tic disorder. The OR of the patients with enuresis suffering from ASD was significantly higher in the boys (OR=2.649; 95% CI, 1.309, 5.357) but not in the girls (OR=1.322; 95% CI, 0.137, 12.742). In sex-stratified analysis, the boys had a higher OR of developing MDD and ASD than the girls. However, the ORs of ADHD, anxiety disorders, intelligence disability, DBD disorder and tic disorder were much higher in the girls with enuresis than in the boys with enuresis.Table 2Odds Ratios for the Risk of Psychiatric Disorders in All Children with Enuresis Compared to Those Without Enuresis in Multivariate Logistic Regression AnalysisMDDBipolar DisorderADHDASDAnxiety DisordersSchizophreniaIntelligence DisabilityDBDTic DisorderAny One of the Psychiatric Disorder StudiedOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIAll children\
with enuresis2.8411.619--4.9870.5720.070--4.6593.1562.446--4.0732.4681.264--4.8223.1132.063--4.6990.8820.190--4.0983.9892.476--6.4263.7491.756--8.0042.6601.642--4.3082.9682.413--3.649P value\< 0.0010.602\<0.0010.008\<0.0010.873\<0.0010.001\<0.001\<0.001[^2] Table 3Odds Ratios for Psychiatric Disorders in Boys with Enuresis Compared to Those Without Enuresis in Multivariate Logistic Regression AnalysisMDDBipolar DisorderADHDASDAnxiety DisordersSchizophreniaIntelligence DisabilityDBDTic DisorderAny One of the Psychiatric Disorders StudiedOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIBoys with enuresis3.6951.622--8.4160.0000.000--0.0002.8782.160--3.8352.6491.309--5.3573.1141.839--5.2750.8000.093--6.8993.9122.138--7.1603.0281.270--7.2212.5151.501--4.2122.8392.225--3.622P value0.0020.992\<0.0010.007\<0.0010.839\<0.0010.012\<0.001\<0.001[^3] Table 4Odds Ratios for Psychiatric Disorders in Girls with Enuresis Compared to Those Without Enuresis in Multivariate Logistic Regression AnalysisMDDBipolar DisorderADHDASDAnxiety DisordersSchizophreniaIntelligence DisabilityDBDTic DisorderAny One of the Psychiatric Disorders StudiedOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIOR95% CIGirls with enuresis2.2471.028--4.9101.0240.114--9.2054.5012.557--7.9231.3220.137--12.7423.1801.643--6.1550.9970.111--8.9554.1421.904--9.0098.0851.468--44.5214.0701.013--16.3563.3292.250--4.926P value0.0420.983\<0.0010.8090.0010.998\<0.0010.0160.048\<0.001[^4]

Discussion {#S0004}
==========

Enuresis is a common problem in children. Controversy with regards to the pathophysiology of enuresis has existed for many years. A higher risk of enuresis has also been reported in boys than in girls. In the current study, the boys had a 1.42-fold higher rate of enuresis than the girls, which is consistent with previous studies.[@CIT0003] In addition, our findings also support previous research that enuresis occurs more commonly at a younger age, and then tends to decrease with age.

Epidemiological studies have reported that children with enuresis are two to four times as likely to have behavioral problems as children without enuresis.[@CIT0018],[@CIT0019] Our results are consistent with the previous studies, in that 14.9% of the children with enuresis had psychiatric disorders, and they were 2.968-fold more likely to have psychiatric disorders than those without enuresis. The rates of associated psychiatric disorders except ADHD in the present study were all much lower than the rate reported in a previous study.[@CIT0015] The high rate of co-morbidity of enuresis and ADHD (predominantly the inattentive type) has been thoroughly studied.[@CIT0008],[@CIT0012] Shreeram at al. reported that the OR of having ADHD in children with enuresis was 2.88.[@CIT0008] In the current study, ADHD was the most common psychiatric disorder associated with enuresis, and 9.8% of the children with enuresis were diagnosed with ADHD compared to 3.4% of those without enuresis. We also found that the children with enuresis had a 3.156-fold increased odds of having ADHD compared to those without enuresis. In our enuresis cohort, the rate of co-morbidity with ADHD was similar to that reported by von Gontard et al[@CIT0020] but lower than that reported in a specialized tertiary care setting.[@CIT0010] Several studies recruiting children with ADHD reported that 12.1-32% of the children also had clinical symptoms of enuresis,[@CIT0021]--[@CIT0023] which supports that enuresis may coexist with ADHD and vice versa.

In addition to ADHD, it has been demonstrated that enuretic children have higher rates of psychiatric disorders such as depressive problems,[@CIT0015] ODD,[@CIT0015] CD,[@CIT0015] obsessive-compulsive disorder,[@CIT0024] schizophrenia,[@CIT0025] Tourette syndrome,[@CIT0026] ASD,[@CIT0027] and anxiety disorders.[@CIT0015] We found higher odds of having MDD, ADHD, ASD, anxiety disorders, intelligence disability, DBD and tic disorder in the children with enuresis in multivariate logistic analysis. However, anxiety disorders other than DBD[@CIT0015] were the second most common comorbid psychiatric disorders in the current study. Males have been reported to be at a greater risk of ADHD and enuresis and also other psychiatric disorders such as ASD, intellectual disability and communication disorders, Tourette syndrome, ODD, CD, and schizophrenia, while female predominance has been observed in adolescent-onset emotional disorders such as depressive and anxiety disorders.[@CIT0028] We also investigated whether or not enuresis was a sex-dependent risk factor for ADHD and other psychiatric disorders. Both the boys and girls with enuresis had more psychiatric problems, but surprisingly, we found that the girls with enuresis had higher odds of developing ADHD as well as DBD, tic disorder, and intelligence disability, compared with the boys, which is in contrast to previous clinical studies.[@CIT0029] Consistent with previous epidemiological studies, we also found that the girls had a higher rate of anxiety disorders. This higher odds of ADHD and other psychiatric disorders in girls may be because girls are more likely to visit a healthcare provider for behavioral problems or emotional issues than boys.

The etiologies of both enuresis and ADHD are multifactorial and controversial. There are some similarities between these two disorders, and researchers have shown that both primary nocturnal enuresis and ADHD appear to be heritable, with a complex inheritance model,[@CIT0030],[@CIT0031] male predominance, and the tendency to improve with age. Although many studies have reported an association between enuresis and ADHD, whether or not there is a direct causal relationship is unknown. Previous neuropathological, neuroimaging and neuropsychological studies have demonstrated that both enuresis and ADHD are related to a delay in central nervous system maturation.[@CIT0032],[@CIT0033] However, genetic studies have shown that enuresis-related genes on chromosomes 8, 12, 13 and 22 are not associated with ADHD.[@CIT0034]

ADHD may negatively impact drug compliance and the prognosis of enuresis, and one study reported a non-compliance rate of 48% in patients with coexisting ADHD.[@CIT0035] In addition, children with ADHD have been reported to be three times more likely to have persistent enuresis into adolescence or young adulthood.[@CIT0013] Effective ADHD medications such as methylphenidate,[@CIT0036] tricyclic antidepressants, and atomoxetine[@CIT0037] have been reported to be effective for enuresis. In contrast, drugs used for the treatment of coexisting psychiatric disorders in patients with ADHD such as second-generation antipsychotic drugs may cause enuresis.[@CIT0038] Coexisting psychiatric disorders should be taken into consideration during the assessment and treatment of children with both enuresis and ADHD. Moreover, clinicians should closely monitor the adherence to medications, their effects and any adverse events.

To the best of our knowledge, this is the first study with the largest sample size to provide evidence of the significant associations between enuresis and an extensive range of psychiatric disorders in children and adolescents in Taiwan over a 15-year study period. Most previous studies of the psychiatric problems associated with enuresis have been based on questionnaires and parent- or teacher-reported behavioral problems, leading to the possibility of over- or under-estimation of the psychiatric problems. The use of a nationwide population-based database of health care in our study avoided selection bias when recruiting the study subjects and avoided recall bias when filling out questionnaires. In addition, the diagnoses of enuresis and psychiatric disorders in this study were validated in medical evaluations by board-certified physicians and psychiatrists, resulting in better diagnostic validity. Nevertheless, there are several limitations related to the LHID 2010 database. First, it lacks information on annual household income, parental education, and family history of enuresis, which are known risk factors for enuresis. Second, the diagnoses of enuresis and psychiatric disorders were dependent on ICD codes used in the NHIRD database, and so children with enuresis who did not seek professional help for either enuresis, ADHD or another psychiatric disorder may have resulted in underestimation of the prevalence of enuresis or psychiatric disorders. Third, the exact proportions of day wetters only, day and night wetters, and nocturnal enuretics only were not available in our enuretic cohort as the definition of enuresis has been revised over the past years, and varied definitions of enuresis are used by different specialists. The enuretic cohort therefore potentially included some day wetters only or day and night wetters which may have impacted the prevalence of comorbidities of psychiatric disorders.[@CIT0039]

Conclusions {#S0005}
===========

Based on the results of the current and previous studies, children with enuresis have an increased rate of psychiatric disorders, with ADHD being the most prevalent. Further studies are needed to elucidate the mechanisms between the high rate of the coexistence of enuresis and psychiatric disorders. The results of this study may provide important implications for therapeutic interventions for children with enuresis. Clinicians should routinely screen for the coexistence of enuresis and psycho-behavioral disorders and vice versa. Therapy should be individualized based on the presence of comorbidities to ensure optimal outcomes.
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[^1]: **Note:** \*Fisher's exact test or Chi-square test P\<0.05.

[^2]: **Note:** Adjusted for sex, age and urbanization.

[^3]: **Note:** Adjusted for age and urbanization.

[^4]: **Note:** Adjusted for age and urbanization.
